Rationale: Some patients with severe asthma are immunologically sensitized to one or more fungi, a clinical entity categorized as severe asthma with fungal sensitization (SAFS). It is not known whether SAFS responds to antifungal therapy. Objectives: To evaluate the response of SAFS to oral itraconazole. Methods: Patients with severe asthma sensitized to at least one of seven fungi by skin prick or specific IgE testing were recruited. All had total IgE less than 1,000 IU/ml and negative Aspergillus precipitins. They were treated with oral itraconazole (200 mg twice daily) or placebo for 32 weeks, with follow-up for 16 weeks. Measurements and Main Results: The primary end point was change in the Asthma Quality of Life Questionnaire (AQLQ) score, with rhinitis score, total IgE, and respiratory function as secondary end points. Fifty-eight patients were enrolled, of whom 41% had been hospitalized in the previous year. Baseline mean AQLQ score was 4.13 (range, 1-7). At 32 weeks, the improvement (95% confidence interval) in AQLQ score was 10.85 (0.28, 1.41) in the antifungal group, compared with a 20.01 (20.43, 0.42) change in the placebo group (P 5 0.014). Rhinitis score improved (20.43) in the antifungal, and deteriorated (10.17) in the placebo group (P 5 0.013). Morning peak flow improved (20.8 L/minute, P 5 0.028) in the antifungal group. Total serum IgE decreased in the antifungal group (251 IU/ml) but increased in placebo group (130 IU/ml) (P 5 0.001). No severe adverse events were observed, but seven patients developed adverse events requiring discontinuation, five in the antifungal group. Conclusions: SAFS responds to oral antifungal therapy as judged by large improvements in quality of life in about 60% of patients. Clinical trial registered with www.controlled-trials.com (ISRCTN61552714).
Fungi interact directly with the human host in numerous ways. There is daily exposure to conidia, spores, hyphae, fragments of hyphae, cell wall constituents such as glucan, and volatile organic compounds, usually with little or no consequence. However, numerous studies over the last 100 years have linked worsening asthma with fungal exposure (1) . Whether fungal exposure is directly relevant to the pathogenesis of asthma and its severity, or is simply a paraphenomenon, has been difficult to ascertain. A direct demonstration of efficacy of antifungal therapy for asthma would directly implicate fungal exposure in the pathogenesis of asthma.
A specific disease entity exists in which massively increased allergic response to the ubiquitous fungus Aspergillus fumigatus is associated with long-term colonization of the respiratory tract with this fungus, namely allergic bronchopulmonary aspergillosis (ABPA). Most of these patients have asthma, although not all. In 1991 we showed that oral itraconazole was effective in the treatment of ABPA (2) . Subsequently, two randomized controlled studies extended these early observations (3, 4) . However, most patients with severe asthma do not have ABPA and are not demonstrably colonized with fungi in the respiratory tract, yet many are sensitized to fungi such as Cladosporium species, Alternaria species, Penicillium species, Candida species, Trichophyton species, and others (1) . As most of these fungi are common in air, we hypothesized that direct external exposure or low levels of colonization are sufficient to induce an allergic response and pulmonary inflammation in many patients with severe asthma (1) . Support for this concept came from a small randomized study of Trichophyton sensitization with fluconazole (5) and our own empirical experiences (6) . We coined the term severe asthma with fungal sensitization, or SAFS, to provide a simple clinical label for a particular phenotype of severe asthma, with possible therapeutic implications (1) . We report here the results of this randomized, blinded study, which was designed as a proof-of-concept study; some of these results were presented in abstract form in late 2007 (7) .
METHODS
At four U.K. hospitals, patients with severe asthma (British Thoracic Society level 4 or 5 [8] ) who were taking high-dose inhaled corticosteroids (beclometasone equivalent dose, 1000 mg/d or more; fluticasone, 500 mg/d or more), continuous oral corticosteroids (at least 5 mg of prednisolone or its equivalent for at least 6 mo), or at least four or
AT A GLANCE COMMENTARY Scientific Knowledge on the Subject
Some patients with severe asthma are sensitized to fungi. Studies with the antifungal agent itraconazole showed benefit in allergic bronchopulmonary aspergillosis.
What This Study Adds to the Field
The results of this randomized controlled trial showed a significant quality of life benefit, a fall in IgE, and a modest improvement in rhinitis and morning peak flow, but not FEV 1 , in patients with severe asthma sensitized to one of several common fungi after oral antifungal therapy. six courses of oral/intravenous corticosteroids over the previous 12 or 24 months, were screened for fungal sensitization by skin prick testing and RAST to the following fungi: Aspergillus fumigatus, Cladosporium herbarum, Penicillium chrysogenum (notatum), Candida albicans, Trichophyton mentagrophytes, Alternaria alternata, and Botrytis cinerea. Skin test reagents were obtained from Allergopharma (Reinbeck, Germany) and RAST tests from Phadia (Uppsala, Sweden). Those who were positive by skin prick (wheal at least 3 mm in diameter) or RAST (at least 0.4 IU/ml) testing were eligible if they had total circulating IgE less than 1,000 IU/ml, were negative for Aspergillus precipitin (IgG), did not have recurrent bacterial lung infections that would preclude evaluation, did not have a current respiratory infection (entry deferred), had not received itraconazole in the prior 8 months, were not pregnant, had liver function tests less than three times the upper limit of normal, were not allergic to azoles, were not taking any interacting drugs that could not be stopped, were not immunosuppressed other than by corticosteroids, and did not have left ventricular dysfunction (ejection fraction less than 40% on echocardiography). The local ethics committees approved the protocol and all patients gave written informed consent. The study is registered as a clinical study as number ISRCTN61552714 at www.controlled-trials.com.
Primary End Point
The primary end point was a comparison of validated Asthma Quality of Life Questionnaire (AQLQ) score (9) between the antifungal group and placebo group at baseline and at 32 weeks. The AQLQ is scored on a scale of 1 to 7, with 7 representing an excellent quality of life. Each patient answered the 32 questions (related to quality of life with asthma) supervised by one of the two study nurses.
Treatment, Blinding, and Randomization
Itraconazole capsules (Sporanox, 100 mg) were purchased from the manufacturer (Janssen Pharmaceutica, Beerse, Belgium) and overencapsulated with red capsules. Matching placebos containing cellulose (Avicel; FMC BioPolymer, Philadelphia, PA) were prepared. The finished product was prepared and packed by a licensed manufacturing unit to good manufacturing practice (GMP) standard. Each patient received two capsules, corresponding to 200 mg of itraconazole or placebo, twice daily. A randomization schedule in 4 blocks of 16 and subsequent blocks of 8 was prepared, using a computer-generated block randomization procedure, and amounts of either placebo or itraconazole equivalent to 32 weeks of treatment were packaged in tubs in 30-day supply boxes. Enrolled patients were allocated sequential numbers by one of the four hospital pharmacies, without knowledge of the randomization sequence, which was held centrally. Plasma for itraconazole assays was collected at Weeks 2, 4, 12, and 20. Treating physicians were not informed about these results, but they were made available to the principal investigator on a monthly basis by spreadsheet to make dosage adjustments, if required.
Clinical Care
Antiasthma therapy was optimized before the start of study, as much as possible. Once enrolled in the study, a patient's therapy was maintained at the same level as much as possible. Patients were seen regularly by the study nurses and local principal investigators, and were given cell phone numbers to report any problems. All nonstudy medication was recorded at each visit. Hospitalization, exacerbations, and respiratory infections were recorded as adverse events, as were any other unusual occurrences. Exacerbations in this predominantly severe asthma population were defined on a need-for-treatment basis. Worsening of asthma/breathlessness was defined as the need for a course of oral prednisolone or, for the small number receiving maintenance prednisolone, as a need to increase the dose by 10 mg or more. Infections were defined as a need for a course of antibiotics as deemed necessary by their primary care provider, secondary care provider if they attended the emergency room, or one of the principal investigators at study visits.
Laboratory Methods
Total and allergen-specific IgE was measured with the UniCAP system (Phadia). Itraconazole plasma concentrations were measured by bioassay, as previously described (10) in a single laboratory. Serum cortisol was measured by electrochemiluminescence immunoassay on a Roche E170 modular analyzer, as per the manufacturer's instructions (Roche, Indianapolis, IN).
Data Collection
After screening (Figure 1 ), baseline data were collected including asthma, medical, and sinusitis history; and physical examination including skin for fungal infection, pulmonary function tests and peak expiratory flow (PEF), total corticosteroid dose, other asthma and other treatment data, and basic biochemistry and hematology as well as total serum IgE. Participating patients were seen at 2 and 4 weeks and then monthly for the 32-week treatment period, when information about clinical status, adverse events, exacerbations, additional medication, and compliance (pill counting) was assessed. They were seen once for follow-up at 48 weeks. AQLQ score, rhinitis score (11), FEV 1 , and self-recorded PEF readings were assessed at Weeks 4, 16, and 32 and at 4 months of follow-up. Serum IgE and RAST tests were done at Weeks 16 and 32, and at 4 months of follow-up.
Null Hypothesis and Power Calculation
The null hypothesis was as follows: ''Itraconazole has no effect as an adjunctive treatment in patients with severe asthma with a skin prick test or RAST test positive to one or more tested fungal allergens, who do not fulfill the criteria for ABPA.'' A statistically significant improvement in quality of life as measured by the AQLQ score at 32 weeks was the primary end point.
Sample size calculations with a two-sided a of 0.05 and a power of 0.8 indicated that 86 patients would be required to detect differences in AQLQ scores greater than 0.75 (assuming a common standard deviation of 0.6). An attrition rate of 25% was assumed and so a study size of 108 patients was planned.
Study Populations
The primary analysis population (modified intent-to-treat [MITT]) was defined as patients fulfilling the enrollment criteria, receiving at least 4 weeks of treatment or placebo, and having sufficient data to evaluate response. For those patients who did not complete 32 weeks of therapy, the last AQLQ score and other response parameters obtained on therapy were carried forward to 32 weeks. The per-protocol (PP) population was defined as patients fulfilling the enrollment criteria, receiving at least 32 weeks of treatment or placebo, and having a 32-week evaluation. Additional evaluations of the adrenal axis were conducted in patients at the lead site only.
Secondary Analyses
Prespecified secondary analyses of AQLQ score comparison were as follows: the PP population and all randomized patients who took at least one dose of medication (ITT population); PP population with evidence of Aspergillus, Candida, Alternaria, Cladosporium, Penicillium, Trichophyton, and Botrytis sensitization; comparison of rhinitis scores; PP population by hospitalization in last 12 months or not; PP population without any evidence of alteration of glucocorticoid handling. Comparison of respiratory function testing, serum IgE, RAST titers, eosinophil counts, hospital visits and admissions for asthma, corticosteroid courses, relationship of itraconazole serum concentrations, and outcome and other exploratory analyses was also done.
Data Handling
All data were entered electronically into a bespoke database prepared by one of the authors (G.A.), using the MACRO database system (Infermed Ltd, London, UK). The data were held on a secure server used only for clinical data. Once each patient had completed the study, all the data were checked by the study nurses and data administrator before being locked. AQLQ scores were also manually checked before unblinding. Data were exported into the Access program (Microsoft, Redmond, WA) and then analyzed, using SPSS version 11.0, by the study statistician (J.Mo.), who unblinded the study. Subsequent sec-ondary analyses were undertaken by G.A. and J.Mo. together, using an agreed-upon statistical analysis plan.
RESULTS

Enrollment Characteristics
The patients enrolled all had severe asthma, as shown in Table  1 , with 41 of 58 (71%) of patients receiving high-dose inhaled steroids, 6 (10%) receiving continuous oral steroids, all but 1 receiving long-acting bronchodilators, and 24 (41%) having been hospitalized in the previous 12 months for asthma and low mean AQLQ scores. Specifically, the median inhaled steroid dose and range (in beclomethasone equivalents) were similar between the groups: actively treated group: median, 1,600 mg; range, 400-4,000; control group: median, 1,800 mg; range, 400-4,000. The mean FEV 1 was 71.5% of predicted, with a wide range of measurements. With respect to any fungal infection, 38 (66%) recalled at least one superficial fungal infection, and rates of fungal sensitization were high. Rates of sensitization were highest to A. fumigatus and C. albicans as assessed by specific IgE (Table 1) or by skin prick test. Eosinophilia was seen in 19 (33%) of patients and the geometric mean total IgE was 230 IU/ml, with a wide individual variation. No significant statistical differences or clinically significant differences were seen in any of the baseline characteristics shown in Table 1 .
Primary End Point
Fifty-eight subjects were enrolled and 54 were assessed at Week 4 (MITT population). Another 13 subjects discontinued therapy before Week 32 and 41 patients completed 32 weeks of therapy (PP population) (see Figure 1) . The AQLQ score improved significantly in both the MITT and PP populations. Those treated with antifungal therapy in the MITT population had a significantly higher increase in their AQLQ score of 10.82 (95% confidence interval [CI]: 0.17, 1.46) (Figure 2A ) when adjusted for baseline score; antifungal treatment subjects had a score of 4.92 compared with the placebo subjects, who had a score of 4.10 (analysis of covariance, P 5 0.014). In the PP population, the antifungal treatment group had a significantly higher increase in AQLQ score of 11.18 (95% CI: 0.46, 1.89) (analysis of covariance, P 5 0.002); 5.36 compared with the placebo subjects 4.18 at 32 weeks, indicating better quality of life in antifungal-treated patients. Improvement in score in the PP population of at least 0.75 was seen in 61% of the antifungal treatment group, compared with 17% of the placebo group (P 5 0.011).
Secondary End Points
Exacerbations were relatively infrequent, consistent with optimized antiasthma therapy before trial entry. Sixteen patients developed an asthma exacerbation or increased breathlessness during the study, 8 in each group, 3 in the first month on itraconazole and only 1 on placebo, with others throughout the 48 weeks of study. Four of these exacerbations resulted in hospital admission (see below). Eight patients developed a chest infection during the study, four in each group, all in Weeks 12-20.
There was also improvement in the rhinitis score among those taking antifungal therapy. At baseline the placebo subjects had a score of 1.25 and the antifungal group had a score of 1.27. More than 80% of patients reported some nasal symptoms at baseline, but the intensity was highly variable (as shown by the 95% CIs; see Figure 2B ) and changed considerably through the study. By the end of therapy at 32 weeks in the MITT population, the mean adjusted score for the placebo group had increased slightly to 1.42, whereas the mean adjusted score of the antifungal group had decreased to 0.83 (P 5 0.013, analysis of covariance). The mean difference in score between the antifungal and placebo groups in the change between baseline and week 32 was 0.59 (95% CI: 21.06, -0.13) ( Figure 2B ).
Total IgE fell at 32 weeks in the antifungal group, compared with the placebo group. The placebo group mean IgE value increased to 112% (95% CI: 95, 131) of baseline, compared with a fall to 73% (95% CI: 62, 86) in the antifungal group ( Table 2) . The antifungal group demonstrated a fall in geometric mean total IgE from 187 to 136 IU/ml and the placebo group a rise from 245 to 275 IU/ml. These changes were apparent at 16 weeks. There was considerable variation in peripheral eosinophil counts, and no consistent trend.
There were modest changes in respiratory function as shown in Table 2 . Morning PEF increased by a mean of 20.8 L in the antifungal group compared with a deterioration of -5.5 L in the placebo group (P 5 0.028), but neither evening PEF nor FEV 1 improved significantly in either group.
When analyzed on the basis of the fungus to which patients were sensitized, all subgroups showed improvement, with some apparent variability per fungus, although some numbers are small. All analyses were done in the PP population and are shown in Table E1 in the online supplement. At baseline, A. fumigatus was cultured from one placebo patient, Candida species from three other patients, and potentially pathogenic bacteria in another five patients. During the 48-week study period, if a sputum sample was produced by a patient during the regular visits, it was sent for culture. During study, placebo patients produced 19 samples compared with 10 in the active treatment arm. Alternaria species was cultured from one itraconazole-treated patient and A. fumigatus from another treated with placebo, whereas Candida species was cultured from four placebo and two active treatment patients during the treatment phase. No patient was colonized with Pseudomonas species.
Four patients were admitted to hospital for asthma at least once during the study. Two of these patients were taking placebo, and one was admitted once, the other nine times. Two patients were receiving antifungal therapy and each was admitted once; one had low serum itraconazole concentrations (mean, 1.25 mg/L) and a much worse AQLQ score at 32 weeks, and the other discontinued early because of adverse events and was admitted to hospital after this.
Although it was hoped that maintenance inhaled and oral steroids would remain consistent through the study period, overall seven patients were documented as changing inhaled steroid dose through the study period: four increasing the inhaled steroid dose (three in the control group and one in the active treatment group) and three reducing the inhaled steroid dose (one in the control group and two in the active treatment group).
Itraconazole Serum Concentrations
Itraconazole plasma concentrations were determined in 58 patients at 2 weeks and in 41 patients at 20 weeks. Placebo subjects showed no detectable concentration. The 25 itraconazole subjects who received at least 4 weeks of treatment all had detectable levels, with individual means (over first 4 wk) ranging from 0.65 to 26.1 mg/L with a median of 8.9 mg/L. There were no significant relationships between the mean itraconazole level per patient and the AQLQ score at Week 32 for the itraconazole group (Spearman correlation, 0.15; P 5 0.48) or the change in AQLQ from Week 1 to Week 32 (Spearman correlation, 20.26; P 5 0.22) (see Figure E1 in the online supplement).
Withdrawals and Adverse Events
Seventeen patients withdrew from the study early: 11 in the active arm and 6 in the placebo arm, with 4 withdrawing in the first 4 weeks of study. Seven of these simply dropped out, moved away, or made a conscious decision to stop participating. Three patients cited ill health and seven reported significant adverse events as the reason for stopping. The adverse events included nausea (n 5 2), edema (n 5 2), breathlessness (n 5 1), joint pains (n 5 1), muscle weakness (n 5 1), and cushingoid symptoms (n 5 1), of which nausea and edema occurred in the placebo arm in one patient each. No severe adverse events occurred, apart from the hospitalizations for asthma, as described previously.
Relapse
Follow-up at 4 months after discontinuation of assigned therapy showed reversion of AQLQ score to nearly prestudy levels. In the MITT populations, placebo recipients had an overall change in quality of life at 12 months of 10.01 (95% CI: 20.34, 0.37) and those receiving antifungal therapy had a nonsignificant improvement of 10.19 (95% CI: 20.29, 0.67) (P 5 0.54), compared with baseline. The same was true for the PP groups. Indeed, in the PP antifungal group, there was a reduction in AQLQ score 4 months after stopping antifungal therapy of 21.00 (95% CI: 21.67, 20.33), significantly different from placebo recipients (P 5 0.01). In contrast, serum IgE changes during therapy were maintained at 4 months of follow-up compared with 32 weeks in the MITT population. The antifungal group had a marginal fall (20.1%) compared with the placebo group (14%) (P 5 0.7). Overall these data indicate that continuing antifungal therapy beyond 8 months is important for maintaining quality of life in these patients, and that IgE levels may not be useful to monitor for relapse.
Corticosteroid Interaction Subgroup
Twenty-seven patients were evaluated for adrenal axis perturbation by itraconazole. There was a nonsignificant trend in reduced plasma cortisol in the itraconazole-treated patients. Six of 13 itraconazole-treated patients had an interaction at 4 weeks (reduction in plasma cortisol to less than 50 nmol/L) whereas in 7 patients there was no evidence of an interaction. No patients in the placebo group had a reduction in plasma cortisol to less than 50 nmol/L. The mean AQLQ improvement at 32 weeks in the six patients with a likely itraconazole-corticosteroid interaction was 1.0 (20.8 to 13.1), compared with a mean improvement of 0.97 (21.2 to 12.1) in those without evidence of an interaction.
DISCUSSION
Although airborne fungal exposure is an everyday, lifelong occurrence, it is not intrinsically obvious that antifungal therapy would have any impact on asthma or rhinitis. In asthma and rhinitis, fungal sensitization is generally uncommon, except in those with severe asthma (12, 13) , in contrast to frequent sensitization to house dust and feather mite, cat and dog allergens, and grass pollens. Clearly, antifungal therapy would have little or no impact on exposure to fungal allergens. However, one key distinguishing therapeutic characteristic of fungal exposure compared with other common allergenic exposures is that antifungal therapy exists.
The magnitude of the antifungal effect on symptoms of asthma seen in this study is promising. The AQLQ is a wellvalidated score of well-being, directly pertinent to those with asthma. In those who were able to continue treatment for 32 weeks (62% of subjects), the AQLQ rose by 1.18, which compares with a rise of 0.15 with regular salbutamol (14) , 0.55 with long-acting b 2 -agonist therapy (14) , and 0.42 with anti-IgE therapy (15, 16) , the latter two heralded as major breakthroughs in the management of asthma. In accord with the improvements in pulmonary and nasal symptoms and patient well-being in our study, significant reductions in total serum IgE and a modest effect on morning PEF were also seen. The sample size for this study was small. Larger studies are required to assess more accurately the impact of antifungal therapy on lung physiology, and to confirm the results seen here. However, the impact of antifungal therapy in severe asthma is important as these patients have the most morbidity, lose more days of work, are more likely to be admitted to hospital and receive most corticosteroids with their attendant complications and are more likely to die of asthma than those with mild or moderate asthma.
Why is antifungal therapy effective for SAFS? Itraconazole is active against all the fungi to which the patients' sensitivity was tested. We know that in the uncommon disease ABPA, long-term colonization of the airways with A. fumigatus is demonstrable in most patients. A parallel situation in SAFS might explain why antifungal therapy is partially effective; colonization is reduced or eliminated. In SAFS, however, colonization is not easily demonstrable and many of the airborne fungi implicated are barely capable of growth at 378C and inept at establishing themselves within the human host. One possibility is that there is sufficient colonization of the gastrointestinal tract and the upper or lower respiratory tract to provide antigenic stimulus to the immune system on a continuing basis. In support of this notion is the frequent finding of Candida species in human gut flora, which is increased after antibiotic therapy (17) . In addition, the nose is a filter and may serve as a continual allergic reservoir of a wide diversity of culturable fungi (18) . The lung in normal people is typically colonized by numerous fungi (19) . Most airborne fungal structures are spores or conidia. These are robust, hydrophobic structures essentially devoid of allergenic proteins. Therefore fungal spores are unlikely to contribute to the pathogenesis of allergic asthma, with the possible exception of C. herbarum, as its hydrophobin protein (Cla H HCh-1) is allergenic (20) . Another possibility is that shortterm repetitive exposure to viable hyphal fragments, which contain numerous diffusible allergens (21) , is sufficient to drive allergic responses directly on an ongoing basis, and that exposure to fungal spores is irrelevant. A further possibility is that clinically apparent or subclinical infection with well-adapted cutaneous fungal pathogens such as Trichophyton species or gut-colonizing fungi such as Candida species directly impacts on asthma, and antifungal therapy reduces or eradicates such antigen exposure. In all cases, the supposition is that antifungal therapy reduces allergen exposure directly by killing viable filamentous fungi.
Another possibility is that itraconazole has a direct and profound immunologic effect. We have sufficient data to suggest a significant interaction between itraconazole and inhaled glucocorticoids, leading to excess corticosteroid exposure in half the patients evaluated. Interactions have been documented between itraconazole and inhaled steroids such as budesonide, and probably fluticasone (22, 23) , but not prednisolone (24, 25) . These interactions could damp allergic responses in these patients, but do not explain responses in those without an interaction, or why response was not observed in the first month of therapy, when the enhancement of corticosteroid exposure was seen. A direct major clinical effect on the immune system of the magnitude seen in this study has not been observed in the 20 years since itraconazole was first used in patients and is therefore unlikely, but conceivable. Unlike amphotericin B or the echinocandins, the azoles generally are relatively weak immunomodulators. Some direct immunologic effects of azoles have been reported in vitro, including suppression of type 2 cytokine production (IL-4 and IL-5) in T cells by itraconazole (26) and upregulation and/or production of numerous chemokines and inflammation-related cytokines, including IFN-g and tumor necrosis factor-a, by voriconazole (27, 28) . Itraconazole suppresses the elicitation phase of the allergic contact hypersensitivity reaction in hapten-challenged mice, thought to be by inhibition of IFN-g production from hapten-immunized effector T cells (29) . Studies with itraconazole on polymorphonuclear leukocytes showed mixed results, but a strong inhibitory effect on the generation of allospecific cytolytic activity in human mixed lymphocyte culture is described (30) . Fluconazole has even fewer immune effects and yet was effective for patients with asthma and Trichophyton sensitization (5), more consistent with a direct antifungal effect than an indirect immunologic effect. Given our response data in SAFS, the interaction of itraconazole with the immune system needs further experimental work but could contribute to the improvement observed.
The definition of SAFS used in this study was arbitrarily set to exclude all patients with ABPA, so that any criticism of simply repeating earlier therapeutic studies in ABPA was avoided. However, fungal sensitization and fungal allergy are imprecisely defined at present, and depend on manufacturerdependant reagents. We, and numerous others, have found a major disconnect between skin testing and RAST testing for fungi, in both qualitative and quantitative responses (31) . This observation reflects the different strains of fungi used, the various preparative procedures, and the differing immune responses to different mixtures of allergens. We also excluded patients with positive A. fumigatus IgG antibodies (often described as precipitins) to reduce the possible overlap with ABPA. Many of these patients could benefit from antifungal therapy, even if they do not fulfill the criteria for ABPA, but we did not evaluate them. Given that 24% of those patients we actively screened for study inclusion manifested sensitization to only one fungus, and that there was a complete mismatch in skin test results and RAST results in 26% of patients, major improvements in diagnosing fungal allergy or sensitization are required. Indeed, it is possible that our current markers of fungal sensitization are so poor that many more patients with asthma would benefit from antifungal therapy than would be identified with our current definition of SAFS.
This trial was a randomized multicenter study conducted with a fixed budget. Recruitment fell below the initial target but despite this major improvements were seen in AQLQ, the primary outcome measure, largely because the magnitude of the benefit exceeded the pretrial power calculation response. However, the 95% confidence intervals for AQLQ and rhinitis score overlap at 32 weeks, which does not allow us to draw a definitive conclusion regarding the role of antifungal therapy in SAFS. The effect size seen on physiological parameters was modest at best (small improvement in morning peak flow only). Major reductions in IgE, although not usually high at onset, were highly significant. Larger studies will be required to fully establish the place of antifungal therapy for severe asthma and more data on mechanism of action would assist in understanding the dichotomy between major symptomatic and IgE improvements, but few respiratory function changes. Possibly there are two populations within SAFS, a responder population and a nonresponder population, as the 54% of antifungal-treated patients who responded did so with large improvements in symptoms, whereas the other group of 46% were relatively unchanged or worse.
There was also a significant adverse event rate, with itraconazole implicated in some cases. Exacerbation rates were equivalent (and low) in both groups over the trial period. One patient was responsible for the large number of exacerbations in terms of hospitalizations for worsening of asthma, but this individual had experienced a similar number of exacerbations requiring hospitalization in the year before the study and hence she was continued in the study. Exacerbations were recorded at all routine study visits, and were defined by a need for a course of corticosteroids (or an increase in maintenance dose by more than 10 mg of prednisolone). Individuals were supervised at one of four centers, but geographical origin was diverse and their primary and secondary care providers were not obligated to follow a specific protocol for exacerbations if they presented with acute symptoms in primary care or if they attended in the emergency department of their local hospital.
The primary aim of this proof-of-concept study was to contribute key data to the long-standing debate about whether there is any direct link between fungal exposure and asthma. Our data are most consistent with an important and poorly understood relationship. Our study results indicate that a new treatment approach using antifungal therapy in severe asthma is clinically useful, and that we have much to understand about the daily interaction between fungi and humans.
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